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ABSTRACT 
The ability to synthesize vitellogenin in response to 
ecdysone develops during a two day period following adult 
emergence. Vitellogenin synthesis is measured by the incor¬ 
poration of label into an immunoprecipitatable vitellogenin 
fraction during an in vitro incubation period. Tissues show 
a hormone sensitivity in vitro comparable with the minimal 
possible physiological titer, illustrating the reliability 
of our in vitro manipulations. 
The development of vitellogenic competence is found to 
be sex-specific and under the control of juvenile hormone. 
Female tissue preparations deprived of juvenile hormone do not 
become responsive while female tissue preparations provided 
with a source of juvenile hormone do become responsive. The 
development of this responsiveness is temporally correlated 
with a decrease in total cellular protein and a turn-over of 
DNA. Both the DNA turn-over and the development of com¬ 
petence are sex-specific. The relationship of DNA turn-over 




The following thesis consists of three major sections: 
introductory discussions, materials § methods, and results. 
In the first section, three concepts are considered at 
length; cellular differentiation (because we feel that it is 
the process which underlies the biological event being 
studied), hormonal orthogonality (because this particular facet 
of endocrine control is well illustrated by the system 
under investigation), and vitellogenesis as a model for gene 
activation (because the situation in the mosquito lends it¬ 
self well for consideration as a model for molecular inves¬ 
tigations) . 
The methods are a compendium of techniques developed 
in the course of this investigation and techniques long in 
use but never in print. Specific results are included with 
the methods discussed to assist in evaluating the metho¬ 
dologies . 
The data, presented in manuscript form, resulted from 
four main research efforts: demonstration that development 
of hormonal competence is hormonally induced, demonstration 
that male fat body responds differently from female fat 
body, illustration of macromolecular changes in the develop¬ 
ing fat body, and estimation of total animal water volume 
used to calculate normal hormone titers (as cited in PNAS 72: 
3256, 1975). 
A single unifying theme underlying these studies is best 
given by the title of this thesis: The development of vitel¬ 




Cellular differentiation is a mechanism through which 
highly specialized cells develop from progenitor cells. Med¬ 
vedev (1970) recognizes three classes of differentiation; 
functional, morphological, and genetic. These classes repre¬ 
sent changes in cellular properties with reference to differ¬ 
ent characteristics. Wiess (1968) cautions that "true 
differentiation" implies the real, not only the apparent, 
diversification. A fourth class of differentiation, covert 
differentiation, has no direct reference to any cellular 
characteristic. It contains the unseen changes which proceed 
by unknown mechanisms. These four classes of differentiation, 
measurable or not, share a similar effect in that they mold 
the expression of genetic potential. Earlier workers had 
suggested that one class of events may be a prime mover of the 
other classes (i.e. biochemical function in cells may be due 
to activation or suppression of different sets of genes; 
Schneiderman and Gilbert, 1964) however, striking contradic¬ 
tions (i.e. direct enzymatic activation with glucagon through 
camp Lehninger, 1970) prevent the formulation of any reliable 
hierarchy among the classes of differentiation. The dis¬ 
tinctions are made for the purposes of measurement and dis¬ 
cussion, and though these differential events will vary in 
significance within a program of development, there is no 
reason to a priori single out a class of events as being 
most significant. A block at any level of the information 
flow (DNA to RNA to protein to function to structure etc.) 
will produce the same gross effect in masking genes as cer¬ 
tainly as facilitation at any limiting step will lead to gene 
expression. 
A problem of some consequence arises when one actually 
tries to define differentiation in a real cell. Holtzer et 
al. (1972) use the ability of a cell to synthesize luxury 
molecules as a characteristic of myogenic cells (differentia- 
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ted from myoblasts) and of erythroblasts (differentiated from 
hematocytoblasts). Favard-Sereno (1973) uses ultrastructure 
as an index of differentiation in vitellogenic adult fat 
body cells in a cricket (differentiated from previtellogenic 
cells) . Both approaches form distinctions between select 
cells and all others by degrees. The actual point where the 
cells can be said to be different from progenitors (or earlier 
phases in their own generation) is hard to fix in time (es¬ 
pecially if a single criterion is used to determine differentia¬ 
tion) . Some discretion should be used in selecting the cri¬ 
teria which define a differentiated cell. When one knows the 
principal function of a terminally differentiated cell, then 
it is expedient to use the acquisition of some characteristic 
directly and exclusively related to that function to define 
differentiation. 
Kafatos (1972) argues that differentiated cells are in¬ 
ternally programmed or do at some time become "independent 
of an external stimulus" which induces the differentiation. 
This state of maintained differentiation is the criterion which 
sets induction apart from routine cellular regulation. Ex¬ 
perimentally, this axiom is most difficult to test. Many 
cells dedifferentiate when removed from their natural milieu 
and placed in a constant and/or defined medium for the pur¬ 
poses of studying cells in a more controlled experimental 
environment (Lambiotte et al; 1973). The dedifferentiation 
may be caused by an unfortunate oversight in designing the 
medium (i.e. excluding ions or macromolecular factors effect¬ 
ing normal ionic or osmotic properties) or it may be due 
to the fact that the apparent differentiation was a transient 
state maintained through constant hormonal induction in vivo. 
Maintenance of a differentiated state in vitro is a good ar¬ 
gument for differentiation, but if the differentiated traits 
are lost no conclusions can be drawn. Cell systems which 
have the good fortune to remain stable in culture soon find 
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themselves as model developmental systems. 
As a parallel to cells actually synthesizing luxury 
molecules, cells predisposed to synthesize such molecules when 
triggered with an appropriate stimulus can also serve as an 
indicator of differentiation. Filburn and Wyatt (1974) refer 
to this property as "competence" and cite the ability of 
amphibian larval tissue to respond to thyroxin at different 
stages of development as indicative of differentially developed 
cells. 
Once convenient progenitor and differentiated states have 
been defined, attention is focused on the intervening events. 
Cells may either spontaneously differentiate or may be induced 
to differentiate. In the former case, the progenitor cells 
are best considered an intermediate state in a developmental 
sequence initiated earlier and continued endogenously within 
the cell population. In this sense, one is looking midway 
at a sequence of systematic differentiations culminating in 
a predetermined cell type. In the latter case, cells require 
a morphogenic stimulus to effect differentiation. Because 
the milieu in which cells are situated remains undefined 
(and subject to many undetectable fluxes during any given 
observation period! one cannot demonstrate the absence of mor¬ 
phogenic factors. To differentiate between the two situations, 
one must assume that a morphogen does exist and must then 
locate that morphogen. Therefore, a well defined developmen¬ 
tal system will be one in which the morphogenic agent is known. 
There is great value to having a developmental system 
in which the morphogenic agent is known. It is to be assumed 
that any differentiation can be subdivided (by degree or by 
absolute stages) and that earlier events initiate a course 
of action which excludes other growth directions in favor 
of one determined state (Hadorn, 1965). To appreciate the 
agents and axioms which control development, one must under- 
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stand how a determined state is brought about. To understand 
how a determined state is brought about one must know when it 
appears and, then, what it is characterized by (in some measur¬ 
able fashion). Morphogens cause a primary change in progen¬ 
itor cells and therefore one can use the critical period in 
morphogenic effect to temporally localize the determinative 
event. Defining the determined state remains another matter, 
but it will be helpful to at least recognize it as the initial 
stage of differentiation (Wildermuth, 1970). 
In summary, the term cellular differentiation remains 
hard to define and, as a result of its loose and general 
connotation, it becomes a convenient receptacle into which 
many diverse developmental events can be deposited. It re¬ 
flects a level of investigation far more than it suggest a 
mechanism of action. In the report to follow, the term is 
used to describe maturational changes (proceeding by unknown 
mechanisms but induced by a known morphogen) in the cells of 
the fat body tissue of the Yellow Fever mosquito, Aedes aegypti. 
The system will be presented as a model system for investiga¬ 
ting the development of a steroid-sensitive target tissue. 
Hormonal Orthogonality 
The concept of orthogonality is not new to the disciplines 
of physics or cybernetics. It refers to a situation in which 
force s(in physical applications) or information (in cyber¬ 
netic application) are directed along non-interactive tracts. 
More stringently, the term describes the precise angles of 
the vectors relative to each other. In its broader sense, 
orthogonality is useful in describing the situation in which 
potentially interactive events are channeled to minimize in¬ 
terference. In endocrine studies, orthogonal control would 
be used to effect a desired response from a specific tissue 
when using a hormone which could/should be active on a number 
of tissues. Such control may involve reprogramming target 
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tissue or combining the hormonal trigger with a modulating 
agent. This concept of control does not have a convenient 
name in the biological literature yet. Brenner (1975) for¬ 
mally introduced the term ’’Hormonal Orthogonality" to de¬ 
scribe the correctness of coupling of hormonal stimulus 
with tissue response. In organisms which regulate a mul¬ 
titude of functions with an economy of hormones (as insects 
apparently do) the biological need for hormonal orthogo¬ 
nality is striking. As an illustration, consider the hor¬ 
monal control of insect vitellogenesis. 
The hormones controlling vitellogensis, juvenile hor¬ 
mone (Engelmann, 1970) or ecdysone (Hagedorn, 1974), were 
initially recognized for their roles in regulating morpho¬ 
genesis and molting (Willis, 1974; Doane, 1972). The roles 
the hormones play in the immature insects are not essential 
in the adult (non-molting) insects. The hormones are, there¬ 
fore, free to be "captured" (Hisaw, 1962) to regulate other 
functions. In this sense the development of an individual’s 
endocrine sensitivities is a paradigm of hormonal evolution. 
Evolutionary concepts, such as Barrington's theory of hormon¬ 
al evolutionary flexibility (Barrington and Barker-Jorgensen, 
1968) can be applied to the realigning of hormone to function 
occurring during insect maturation. 
While evolution of peptide hormones has been acknowledged, 
some hormones show suprisingly little evolution (i.e. steroids; 
Sander, 19 75) , implying that some endocrine systems require 
change within the presumptive target cells (Philosophically, 
a discussion of these changes should be preceded by a des¬ 
cription of an initial state. Realistically, changes between 
two stages are often the only practical means of identifying 
the states.). Because we assume hormones to be biochemically 
inert (to avoid side reactions), they do not announce them¬ 
selves to the target cells; the target cells must instead 
detect the hormone. After hormonal detection, the detector 
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component must be coupled to a response component. It is to 
be assumed that target cells have evolved and do develop the 
hormone response -transducing apparatus to control a pre-exis¬ 
ting functional repertoire. Let us focus our attention on the 
hormone response transducer (the still mysterious hormone re¬ 
ceptor) as it relates to the development of hormonal responsive¬ 
ness . 
What does one expect of a hormone receptor? Specificity? 
Yes, a hormone receptor should show specificity, if not for 
binding the hormone (Cherbas thesis) then for coupling the hor¬ 
mone with a specific response. There are two prevailing op¬ 
tions for the molecular nature of a receptor; a receptor can 
be a molecule or a receptor can be a location defined by a 
collection of molecules (i.e. the hydrophobic center of a 
lipid bilayer). Most receptors have been shown to be or are 
believed to be discrete molecules. It is, moreover, accepted 
that any molecule which binds to a receptor component at a 
saturating concentration of less than 10^ sites/ u^ is binding 
to a specific receptor molecule (Seeman, 1975). So it is an 
obvious suggestion that hormonal orthogonality be achieved 
by target tissue-specific deposition of receptors. If a tis¬ 
sue lacks a hormone receptor then no receptor complex can be 
formed in the cells of that tissue. 
Conversely, if the receptor is not membrane bound, 
(as is believed for steroid hormones; O’Malley et al., 1975) 
one can see how rapid intercellular degradation of the hor¬ 
mone would also prevent the formation of a receptor complex 
and insure hormonal orthogonality by preventing responses 
in non-target tissues. Such a degradative control is be¬ 
lieved to be the reason why male tissue (vertebrate) can 
be made to synthesize yolk with only very high steroid con¬ 
centrations (Arias and Warren, 1971). In insects male tis¬ 
sues are believed unresponsive because they, too, degrade 
the hormone. It has been shown that juvenile hormone will 
stimulate the production of a specific carboxylesterase in 
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male tissue (Whitmore et al., 1972). 
Whether a tissue is to be responsive, then, is deter¬ 
mined by the presence or absence of a hormone response trans¬ 
ducer (the hormone receptor complex). The nature of the re¬ 
sponse may very well be due to the intracellular concentration 
of this transducer. Hormone concentration effects are well 
catalogued and need only a few illustrations here . Juvenile 
hormone, for example, is needed to prevent flight muscle his¬ 
tolysis (deport, 1969) but high juvenile hormone concentra¬ 
tions promote histoylsis (Borden and Slater, 1968; Edwards, 
1970). The optimum dose effect with the apparent toxic com¬ 
ponent at high concentrations, remains unexplained. Perhaps 
high concentrations activate a juvenile hormone degrading en¬ 
zyme and produce an intracellular situation equatable with no 
hormone present. Again, in an invertebrate system, poly¬ 
morphic tissue response was attributed to "factor"concentra- 
tion gradients (therefore dosage) along a segment of insect 
cuticle (Lawrence et al., 1972). These cells, the authors 
note, showed not only adjustment to new ’’factor” concentra¬ 
tions but also a memory of the ’’factor” titers the cells 
were prepared to handle. The cells try to adjust their 
’’factor” levels to their programmed maximum or reduce it to 
their programmed minimum capacity when the cell’s position 
is changed in the gradient. Their compensatory activities 
affect the responses assumed through an alteration in the 
gradient itself) of neighboring cells. The response to such 
’’factors" appears to be regulated by a pair of titer-sensi¬ 
tive degradative and synthetic operon-like transducers. The 
levels of "factor" while while promoting either synthesis or degra¬ 
dation appear highly variable from cell to cell. We should 
reorganize our thinking to avoid assuming that tissues are 
truly unresponsive to hormone. Hormone induced hormonal 
degradation is most surely a response. 
As a case in point, the epidermal tissue of immature 
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insects, without observed exception, will undergo apolysis 
(molting) when presented with the steroid hormone ecdysone. 
The response is conspicuously absent in adult mosquito epi¬ 
dermis because here the animal uses the steroid to trigger 
the production of yolk proteins (vitellogenins). What fac¬ 
tors prevent the expected catastrophic results of an effec¬ 
tive hormone receptor complex in these epidermal cells? How 
does the mosquito achieve hormonal orthogonality? 
The hormone could be altered. Ecdysone is known to 
exists in four arthropod-borne forms (Svoboda et al.,1975). 
At least two of them, the a and the 3 forms, have been suspec¬ 
ted of unique qualities (Cleaver et al,, 1973). The hormone 
in the adult mosquito, however, is the identical form pro¬ 
duced during molting in other insects (Hagedorn et al., 1975; 
King et al., 1974). 
The concentration could be different. The effective 
concentration of ecdysone does not appear to be highly varia¬ 
ble in the hemolymph of insects during observed ecdysone in¬ 
duced responses (uM concentrations predominate; calculated 
from the data of King § Marks, 1974). It does not appear 
likely that concentration differences will fully account for 
the lack of response in the epidermis. 
The molting trigger could involve several hormones and 
not the ecdysone exclusively, or, conversely, the vitello¬ 
genesis could be temporally coupled with release of another 
hormone which antagonizes certain epidermal ecdysone responses. 
When juvenile hormone activates vitellogenesis, it requires a 
brain hormone (deLoof § de Wilde, 1970). Juvenile hormone 
is also known to be capable of inducing ecdysone synthesis 
(Burdett, 1974 ; pg. 15). Simultaneous multiple hormone ef¬ 
fects may be responsible for many of the events originally 
believed induced by a single hormone. This would appear par¬ 
ticularly as a result of the study of hormonally induced 
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"factors” (Benson et al., 1974; Schorderet-Slatkin and Drury, 
1973) and other unidentified components of the internal milieu 
at specific developmental stages. We cannot yet resolve this 
point in the mosquito system, but there remain attractive op¬ 
tions to investigate. 
The hormonal stimulus can be considered a constant and 
the changes can be viewed as alterations in the target cells. 
This is the assumption of most researchers today. In appli¬ 
cation to the mosquito, we have asked what are the changes 
and what causes and maintains the alterations in the adult 
target tissue. To these questions we do have at least one 
answer. The fat body is programmed with juvenile hormone 
(in the absence of ecdysone) to become vitellogenic. We do 
not yet know how this maturation is brought about on molecu¬ 
lar terms. The action of TH on the fat body prior to the 
appearance of ecdysone is an example of what has been called 
the "sequential permissive action" of hormones (Barrington 
et al., 1968; pg. 18). A similar example exists in the 
vertebrate uterus (Baulieu et al., 1972), where diethyl- 
stilbesterol induces growth before progesterone can induce 
avidin synthesis. 
We do not know why the epidermis is no longer respon¬ 
sive to edcysone. If these adult alterations are due to 
changes in deposition of hormone receptors, then developing 
a model system to illustrate how a biological system regulates 
its hormone receptors is a significant goal. We have con¬ 
sidered that juvenile hormone may be activating synthesis 
of an ecdysone receptor. This hypothesis will surely be 
tested once the appropriate methodology is available (i.e. 
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affinity chromatography; In vitro H-ecdysterone binding 
studies are hampered by the high levels of non-specific 
(possible pinocytosed and degraded ecdysone)binding in fat 
body tissue; Flanagan, unpublished observations). 
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If we assume that juvenile hormone is activating the 
fat body, are we to assume it has an exactly opposite role 
on the epidermis? It is more probable that there are two 
control events than that one event has two so distinctly dif¬ 
ferent functions. What then may be clocking the epidermal 
response? 
We are intrigued by two facets of adult ecdysone pro¬ 
duction. First , we do not understand the significance of 
the lOOpg background ecdysone titers (Hagedorn et al., 1975) 
which represent 36% of the activating titer of vitellogenesis. 
And secondly, we do not understand the significance of the 
early ecdysone pulses during activation of vitellogenesis 
(Hagedorn et al., 1975). Is it possible that the hormone 
is regulating its own target tissue? 
There are precedents for this type of control process. 
Chronic exposure to high insulin concentration reduces the level 
of insulin receptors(Gavin et al., 1974). Chronic exposure 
to neurotransmitter reduces neurotransmitter receptor bind¬ 
ing (desensitization; Rang, 1973). Chronic exposure to 
opiates is believed to lead to tolerance through enzyme ex¬ 
pansion (blocking the ordinarily lethal effects of high opi¬ 
ate dosage; Goldstein et al., 1974; pg. 598-615). The chronic 
ecdysone exposure could lead to a desensitization of the mos¬ 
quito epidermis. Conversely, the early ecdysone peaks could 
activate epidermal ecdysonase. We have not, however, noticed 
any cuticular effects when ecdysone is injected into the 
insect in a large single dose (if the early peaks were regu¬ 
latory, we would expect to see anomalous egg development or 
hyperecdysonism in the time course of development). The 
mechanism of epidermal inactivation certainly does deserve 
consideration as it relates to the attainment ol hormonal 
orthogona1ity. 
In summary, it appears that because biological organ¬ 
isms can control tho time at which a target organ becomes 
12 
responsive and also the hormonal dosage at which a target or¬ 
gan will be responsive (Kollros, 1961) a single hormone will 
have specific effects depending upon precisely how much hor¬ 
mone is presented and precisely when the hormone is released. 
This fact appears to have been somewhat casually accepted and 
needs to be reintroduced (with some appropriately descriptive 
label; i.e. hormonal orthogonality) to stimulate interest 
into the mechanisms which provide for such finely tuned con¬ 
trol. The study following this report is a step toward un¬ 
derstanding how target tissue responsiveness is programmed 
into the cells of a model invertebrate endocrine system. 
Vitellogenesis as a Model of Gene Activation 
The term vitellogenesis refers to the production of a 
class of proteins (vitellogenins) operationally defined 
as female -specific yolk proteins which ultimately contribute 
to the vitellin yolk of egg producing organisms (Pan et al., 
1969). In recent invertebrate studies, the term has been 
taken to represent two quite different processes: the actual 
production of the vitellogenin during extra-ovarial yolk 
protein synthesis and, also, the inclusion of the blood- 
borne yolk into yolk platelets (Bell and Sams, 1975). Vitel¬ 
logenin undergoes modification once internalized by the 
oocyte so that the final yolk product is, indeed, different 
from the blood-borne constituents(Wallace and Jared, 1969). 
The ambiguous application of the term vitellogenesis is ap¬ 
parently based upon a poor appreciation of when yolk is 
yolk. Compromise has been made in that some researchers 
(Hagedorn et al., 1973) now refer to the synthesis of vitel¬ 
logenins as "vitellogenin synthesis." This compromise does, 
in effect, undermine the spirit of the term "vitellogenesis" 
and, because of its inconsistent usage, complicates the litera¬ 
ture . 
The vertebrate literature suffers from a complexity of 
a different form. Studies on yolk precursors identify the 
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yolk proteins by so many distinct terms (i.e. egg yolk pro¬ 
tein, vitellogenin, lipovitellin, phosvitin, or, when inclu¬ 
ding the protein component synthesized by the uterus ,ovalbu¬ 
min) that their differences are overly stressed. No one com¬ 
ponent has yet been accepted as homologouswith the inverte¬ 
brate vitellogenin. Within the above classes of yolk pre¬ 
cursors, the molecules are further subdivided into an ever 
expanding host. 
The matter of identifying a homologous yolk protein (the 
vitellogenin) in all oviparous life forms does deserve con¬ 
siderable attention. Since the production of yolky eggs is 
such a broadly distributed animal function, the vitellogenins 
should lend themselves excellently to comparative study. The 
same can be said for the processes which regulate the synthesis 
and fates of these proteins. It is through the comparative 
approach that researchers will learn which elements of the re¬ 
gulatory processes are conserved (and therefore assumed criti¬ 
cal and/or fundamental) and which elements are variable and 
reflect divergent evolution of the control process. 
An overview of hormonal regulation of vitellogenesis. The 
hormonal regulation of vitellogenesis has become a model for 
gene activation in several systems (amphibians, Wallace and 
Bergink, 1974; birds, Bergink et al., 1974; mosquitoes, 
Hagedorn, 1974; Crustacea, Croisille et al., 1974; hymenop- 
tera, Engels, 1974; and lepidoptera, Pan and Wallace, 1974). 
This is true not only because vitellogenins are distribu¬ 
ted so broadly phylogenetically, but because the vitellogen¬ 
ins are easy to isolate and identify immunologically hence, 
definitively. The production of vitellogenin is a handy 
indicator of gene activity. 
Where hormonal involvement has been demonstrated, a lip¬ 
id hormone is invariably associated with the initiation and/ 
or the continuation of vitellogenesis. The type of lipid and 
the degree of autonomy of the lipid in effecting vitellogene¬ 
sis varies from system to system. In most systems the direct 
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target of the hormone has not been demonstrated (restricting 
our observations from the relatively recently evolved verte¬ 
brate ovalbumin synthesis systems; the hormone binding to 
nuclear receptors in vitellogenic systems has yet to be 
causatively linked with gene activation). The molecular 
mechanisms of the activation process (the RNA changes, ribo¬ 
some changes, etc.) are assumed to be a direct result of in¬ 
teractions of the puiported vitellogenic hormone and sub- 
cellular binding components of the vitellogenic tissue. In¬ 
termediate factors (secondary messengers) have been prag¬ 
matically overlooked in all the vitellogenic systems at this 
stage of investigation. Molecular investigations have been 
initiated with an incomplete understanding of the endocrine 
events. 
Only recently has a system been perfected for the ex¬ 
amination of the initiation of vitellogenesis in vitro in 
vertebrate cells (Green and Tata, 1976). Liver from male 
frogs will respond to estradiol to synthesize vitellogenin 
de novo (if indeed new gene product can be absolutely dis¬ 
tinguished from an increase in the level of an old gene pro¬ 
duct) . For a long time researchers were unable to induce 
vitellogenesis in vitro, which suggested that either the 
hormone acted first on some other tissue in the intact animal 
or that the isolated tissue deteriorated rapidly when deprived 
of some crucial factor in its normal milieu (Clemens, 1974). 
Such a situation led to a two ^hormone concept of control and 
may still be appropriate for other vertebrate systems. 
While Green and Tata (1976) cite their system as the 
first in vitro demonstration of the initiation of vitello¬ 
genesis, an invertebrate system has preceded their work by 
three years (Hagedorn and Fallon, 1973) , thus reflecting the 
lack of information flow from invertebrate model systems to 
researchers working with vertebrate systems. The inverte¬ 
brates are far more suited for these in vitro studies. Be- 
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cause insects lack vascularization, their organs go into cul¬ 
ture relatively easily. And because of some congenial pecu- 
larity of the invertebrates, cellular response is fairly 
durable. Comparative studies are presently being made in 
vitro within the class Insecta while only a single vertebrate 
system exists. 
In complex in vivo systems, where the ultimate trigger 
of vitellogenesis is not known, researchers are dependent upon 
a positive response of the synthetic tissue to demonstrate hor¬ 
monal involvement. A negative response to a given hormone may 
mean either the hormone was not administered in the proper 
context or that the hormone does not effect vitellogenesis. 
An alternative is to directly assess the titer of hormones 
which may be involved. This has not generally been done (Patel, 
1972; Doane, 1972). If hormones are experimentally adminis¬ 
tered in excessively high doses or at times when hormone is 
not normally present, then even positive responses must be 
questioned. Eventually the hormone titers must be assessed. 
To date an incomplete story is available. Vertebrates 
appear to posses vitellogenically-competent livers (at very 
early ages) which will respond to the female specific ster¬ 
oid hormone estrogen (or its analogs) by synthesizing vitello¬ 
genin. Both male and female tissues are responsive. In¬ 
sects appear to develop vitellogenic competence. They use 
hormone with distinct larval effects to trigger the later 
adult events. Female tissues become vitellogenic while male 
tissues do not. If a similar mechanism does control the ini¬ 
tiation of vitellogenesis in the two phyla, one will need to 
see it demonstrated in equivalent test situations. Therefore, 
model systems are needed. This poses a substantial problem 
for the invertebrate system where observations have been col¬ 
lected from a multitude of ill vivo studies and regulatory 
function has been attributed to the effects of mating, feed¬ 
ing, photoperiod, etc. A review of selected invertebrate stu- 
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dies is in order. 
Brief review of vitellogenic control in invertebrate 
systems. Hormonal regulation of vitellogenesis is of either a 
facilitatory or an inhibitory nature. Crustacea appear to 
have a mechanism for specifically inhibiting an otherwise 
constitutive process (Croisille et al., 1974). The product 
of the androgen gland blocks vitellogenesis. A similar situa¬ 
tion may exist in some nonvitellogenic insects. Naisse (1969) 
finds an inhibitory component in coleopteran testes which ren¬ 
ders males and recipient females nonvitellogenic (though her 
work is not substantiated in more than the single animal 
species she studied). Female Crustacea normally block vitel¬ 
logenesis with an eye-stalk factor (Klek-Kawinska § Bomir- 
ski, 1975). Female mosquitoes (when retaining mature eggs) 
are thought to have an inhibitory factor which is released by 
the fully developed ovaries (Meola and Lea, 1972). These 
types of studies do not bear on the topic of initiation of 
vitellogenesis directly. They presume that vitellogenesis 
is a constitutive process, actively inhibited, and initiated 
only at the removal of inhibition. We wish to consider those 
cases where the development of a vitellogenic state is ini¬ 
tially promoted. If the development occurs too early in the 
development of the organism to lend itself to experimental 
observation (as would be the case in a truly constitutive 
process), then the system is undesirable. The question here 
is how does an organism specifically activate a gene that is 
normally quiescent and not how does an organism specifically 
block the expression of an active gene. On a mechanistic 
level the distinction is quite real. 
In many insects the initiation of vitellogenesis has 
been shown to follow an external cue (i.e. feeding, mating, 
photoperiod, etc.). The control over variable hemolymph 
titers of electrophoretically recognizable vitellogenin is 
assumed hormonal. In some cases the effects are of a facili- 
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tatory nature (i.e. mating facilitates egg production in a 
beetle; Gerber, 1975) while in others the effects are obli¬ 
gatory for any detectable yolk synthesis (Hagedorn, 1974). 
In the most reliable studies vitellogenesis is investigated 
in vitro. Juvenile hormone (JH) will activate vitellogenesis 
in allatectomized cockroaches (Engelmann, 1974). The resul¬ 
tant synthesis and secretion of the newly synthesized protein 
is observed iii vitro and monitored with immunoprecipitation 
of labeled protein. Synthetic activity seems to wane between 
4 and 8 hours and vitellogenin represents about 50% of the 
released protein. Initiation has not been observed in vitro 
(though Chene and Wyatt may have succeeded in this venture; 
Hagedorn personal communication of the 1975 Montreal Confer- 
ance). The actual ultimate trigger of vitellogenesis cannot 
be assumed to be juvenile hormone from this study. Truly 
JH is needed (allatectomized cockroaches are nonvitellogenic), 
but whether JH is needed to maintain the tissues or to trigger 
vitellogenesis specifically remains to be demonstrated. 
Juvenile hormone is also used in a lepidopteran, the 
monarch butterfly Danaus plexippus and in orthopteran, the 
locust Locusta migratoria (Wyatt, 1975). Here, again, 
allatectomized animals become vitellogenic when given JH. 
Similar objections apply. Do the animals actually use JH 
to trigger vitellogenesis? It should be pointed out that JH 
does have an established ecdysiotrophic action (Willis, 1974). 
The majority of the insects studied show a requirement 
for juvenile hormone to mature eggs (Doane, 1973). Often 
this requirement has been loosely defined and implies that 
vitellogenin synthesis is controlled by a functional Corpora 
allata (the accepted sole source of juvenile hormone). In 
fact, JH has been shown to be active at a variety of the stages 
of egg production in various systems;for the uptake of vitel¬ 
logenin by the oocytes (Bell and Barth, 1971), for the develop¬ 
ment of competent ovaries (Gwadz and Spielman, 1973) , for 
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the development of competent fat bodies (Flanagan and Hage- 
dorn, in prep.), and for undefined permissive roles (Nijhout 
and Riddiford, 1974). Technological constraints have not made 
it easy for researchers to determine if JH was the ultimate 
trigger of vitellogenesis. A pure cell culture of responsive 
fat body cells is not yet available and the means to assess 
the presence of other hormones (either via bioassay or via 
immunoassay have only recently been developed. Ironically in 
the best studied insect system, where vitellogenesis can be 
initiated ill vitro at normally present doses of hormone and 
to the normal synthetic maximum, JH does not trigger synthe¬ 
sis (Hagedorn et al., 1975). 
Both juvenile hormone and ecdysone (and a third hormone 
from the brain) play roles in the control of vitellogenesis 
in the yellow fever mosquito, Aedes aegypti. Juvenile hormone 
is needed to mature the ovaries (Gwadz and Spielman, 1973) 
and the fat body (Flanagan and Hagedorn, in prep). A brain 
hormone is needed to trigger the release of ecdysone from the 
ovaries (Hagedorn et al., 1975) as normally happens following 
a blood meal. Ecdysone causes the initiation of vitellogene¬ 
sis (in vivo and in vitro) (Hagedorn and Fallon, 1973). One 
can see quite clearly the obligate sequence of hormonal ex¬ 
posure needed to cause vitellogenin production. One can also 
see how a variety of hormones could be rate limiting. If this 
scheme is conserved in other insects, one would expect to see 
ecdysone (or an ecdysone-induced factor) acting as the ultimate 
trigger of vitellogenesis. Direct assay of ecdysone titers 
is called for in systems presently believed to under juvenile 
hormone control. 
Summary. The endocrine control of vitellogenesis in the 
mosquito has generally been considered a unique process 
within the insects. It is, however, a paradigm of the ver¬ 
tebrate endocrine structure. A steroid hormone apparently 
acts as the ultimate trigger for vitellogenesis. This steroid 
f 
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is a product of the ovaries. The ovarian function is controlled 
by a hormone from the brain. Can such remarkable coincidence 
be attributed to the convergent evolution of a single family 
of insects (a closely related insect, a fly, is believed to 
regulate vitellogenesis with juvenile hormone; Wilkens, 1969) 
with the entire spectrum of vertebrates? If so, what selec¬ 
tive pressures have been working to capture a steroid to regu¬ 
late the process? Do steroids facilitate rapid protein syn¬ 
thesis? Are steroids innately more "capturable" for a regu¬ 
latory role? 
One must establish just how unique the mosquito system 
is. Ecdysone has failed to trigger vitellogenesis in other 
insect systems, but because of the "sequential permissive ac¬ 
tion" (Barrington, 1968) demonstrated in the mosquito, a fail¬ 
ure to cause vitellogenesis in an experimental situation does 
not discount the hormone as a controlling agent in a natural 




MATERIALS AND METHODS 
Introduction 
This section is a compendium of techniques developed 
in tne course of this study and those techniques long in use 
but not fully collected in a convenient single citable source. 
The author has developed the Viability Assay and the Deoxyri¬ 
bonucleic Acid Assay protocol specifically for this project 
and has modified the ligation procedures. The remainder of 
the techniques, unless specifically cited, have long been in 
use and are contributions from unknown persons. Collectively, 
the laboratory modified the duration of in vitro incubation 
and the larval mosquito diet composition and feeding regime 
during the author's tenure. 
Rearing Mosquitoes 
The Yellow Fever mosquito,Aedes aegypti (Athens Strain) 
was reared at 27.0° C±0.5°C under a 16 hour photoperiod 
(100 watt incandescent lamp) in a humid insectary. No pro¬ 
visions were made to simulate dawn or dusk in our colonies. 
These conditions were essentially the standard rearing con¬ 
ditions of Fallon et al. (1974). The absolute physiological 
responses of animals were highly consistent within a given 
batch of animals but variable between successive rearings 
(i.e. 90 cpm vitellogenin/ug FB protein to 60cpm/ug) 
Larvae were hatched from eggs which were laid by blood 
fed adults (rabbit blood) onto Nibroc paper towels (Brown 
Co.). Eggs were submerged in distilled water while still 
attached to the paper towels and placed into a vacuum chamber 
(24 inches of mercury negative pressure) for 20 to 120 minutes 
(the highly variable duration of the hatching process appears 
to have no effect on the amount of variability within a given 
batch of animals.). Usually 801 hatching was observed under 
these conditions. 
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Newly emerged larvae are spread across the bottom of a 
counting tray in small beads of water. A fixed number of in¬ 
sects (200±20) is transferred to 350 ml of distilled water 
in a covered plastic rearing tray. The water depth is 3/8 
inches. The larvae are fed a diet of pulverized non-clouding 
fish food (Tetramin; 45g) mixed with pulverized cold break¬ 
fast cereal (Kellogg's Product 19; 50g). Each unit of food 
(one spoon; 375mg) was predissolved in a small volume of 
water and washed into the rearing vessels. Days of feeding 
were alternated with days of shaking (gentle shaking disrupts 
surface films which hamper larval respiration) under a modi¬ 
fication of the feeding schedule of Arden 0. Lea (personal 
communication). 
day 0 . hatch eggs, add 2 spoons food, shake 
day 1 . shake 
day 2 . add 2 spoons food, shake 
day 3 . shake 
day 4 . add 2 spoons food, shake 
day 5 . shake 
day 6 . collect pupae 
day 7 . collect adults (E-^ from 8-12 am.) 
(E2 from 12 am.-Day 8) 
day 8 . collect adults (E^ from 8 am.-all day) 
Larvae not emmerging by day #8 were discarded. 
Pupae were washed into fine mesh fish nets and rinsed 
with tap water. After washing, 8 to 19 rearing trays of pu¬ 
pae (2000 pupae miximally) were combined into a 1000 ml 
erlenmeyer flask with 250 to 300 ml of distilled water. A 
fluted paper towel strip "ladder " was hung into the flask 
(to give newly emerged adults a substrate to cling to and to 
facilitate climbing upward into the collection vessel). A 
one gallon cardboard ice-cream drum was placed on top of the 
flask to serve as a "collecting box." Because "collecting 
boxes" were changed three times, adult density could rarely 
exceed 500 animals per gallon. Males emerge before females 
and emergence seems to show a dawn peak in our colonies. 
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Adults were maintained on a 5% sucrose solution (standard 
conditions were changed to 31 sucrose in December of 1975, 
after the completion of this study) which was held in test 
tubes with cotton plugs. Insects three to ten days old were 
used (unless otherwise stated). Prior to each experiment, 
animals were visually sorted and the smaller individuals were 
excluded from the tests. Females not collected at emergence 
were assumed to be mated. 
Vitellogenin Antiserum 
Vitellogenin synthesis was determined by immunoprecipi- 
tation of labeled protein from the incubation medium. Incor- 
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poration of labeled amino acid ( H-phenylalanine) into pre- 
cipitable protein, was assumed to occur at a constant efficien¬ 
cy (pools of phenylalanine were not directly determined but 
were assumed to be unaltered by our experimental manipulations) 
so that we conclude that the amount of label precipitated 
(counts per minute) with a vitellogenin-specific antibody 
represents a constant function of the vitellogenin actually 
synthesized. The absolute productivity of the fat body 
tissue (in terms of grams of protein produced or in terms of 
number of peptides produced per unit time per gram of tissue) 
remains to be determined. Therefore, we do not try to relate 
the results of the immunoprecipitation experiments to any ab¬ 
solute level of protein synthesis, but rather, to the amount 
of tissue synthesizing the protein. 
Crude antiserum was obtained from rabbits receiving 
injections of purified vitellogenin (Hagedorn, 1970). The 
vitellogenin was obtained from eggs sonicated 20 minutes 
after being laid. The sonication solution was 0.05 M Tris- 
PO4 and 0.25 M NaCl at pH 8.0. The sonication was followed 
by centrifugation (18,000g for 10 min.), dialysis (two 
washes against 0.05 M Tris-PO^ at pH 6.0 and at 0°C) , wash¬ 
ing (three spins in 0.05 M Tris-PO^ at pH 6.0), and resus¬ 
pension in 0.05 M Tris-PO^ (pH 7.5). The yolk proteins were 
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separated on a DEAE column (Hagedorn, 1974) and the"vitellogen- 
in" fractions were pooled. Rabbits received l.Omg vitellogen¬ 
in combined with Freund’s adjuvant (1:1) injected subcutan¬ 
eously into the back of the neck. Subsequent challenges 
(second week alternate days) were made with l.Omg vitello¬ 
genin administered intravenously into an ear vein. The rab¬ 
bits were bled and the crude antiserum was collected as the 
clot retracted. 
This crude antiserum was adsorbed in our lab against mos¬ 
quito protein from males and non-vitellogenic females in a 
series of five to six reactions (until a visible precipitate 
no longer formed). Non-vitellogenic protein (one drop of 
"extract") is added to the antiserum, the mixture vortexed 
gently (avoiding bubbles), incubated for 2 hours (37°C), and 
the aggregates precipitated under refrigeration (24 hours). 
Antibody-antigen aggregates were compacted into pellets with 
centrifugation (12,000 g for ten minutes) and the superna¬ 
tant was carefully decanted. After the adsorption steps are 
complete, the antiserum is diluted to a standard concentra¬ 
tion (Hagedorn, thesis) with a 50 mM phenylalanine phosphate 
buffer solution (50 mM phen PBS). A standard concentration 
is determined for each sample of antiserum. 
A nonvitellogenic protein was extracted from males and 
from nonvitellogenic females. The animals were homogenized 
and debris was separated from soluble protein with centrifu¬ 
gation (12,1000 g for ten minutes and 60,000 rpm. for sixty 
minutes) and the soluble fraction below the lipid layer was 
removed, adjusted to a concentration of one mg/ml (determined 
spectrophotometrically on a Gilford 240 as described in ap¬ 
pendix B), and was then used to adsorb nonvitellogenic protein 
antibodies from the antiserum as described above. 
The 50 mM phenylalanine PBS solution contains 8.26g of 
d-L-phenylalanine per liter of PBS. The PBS is made as a 10X 
PBS stock solution (1M KH2P04 and 9% NaCl at pH 7.0), filtered 
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through Whatman #1 ultrafiltration, and stored at room temper¬ 
ature. It is diluted just prior to use and is then stored 
refrigerated. 
Vitellogenin Assay 
Aliquots of incubation medium to be assayed for the pre¬ 
sence of newly synthesized vitellogenin are mixed with equal 
volumes of PBS (from a wash of the tissues) and vortexed (in 
Beckman microfuge tubes) and, centrifuged on a Beckman micro- 
fuge (two minutes). Duplicate samples of 25 ul (.12 of the total 
volume of the medium sample) are placed into glass culture 
tubes. An equal volume of purified vitellogenin antiserum is 
added to each tube (25 ul). A 5 ul quantity of carrier vitel¬ 
logenin is added to the samples as a carrier (Hagedorn, 1970). 
The mixture is incubated at 37°C for 2 hours and then held at 
4°C for 2 to 24 hours to allow precipitate to form. 
The vitellogenin carrier is extracted from the chorion- 
ated eggs of 200 to 400 animals (2k days after the blood 
meal). The eggs were separated from the ovary membranes with 
gentle agitation in distilled water. They were stored frozen 
at -80°C folded in parafilm sheets. Once thawed (refreezing 
causes some deterioration of the eggs) they were sonicated 
in 0.25 M NaCl 0.05 M Tris-HCl at pH 8.0. The sonicate was 
centrifuged (12,100g for ten minutes) and the supernatant 
containing the vitellogenin was removed and recentrifuged 
(100,000g for 60 minutes) in a Beckman L-B22-65B ultracen¬ 
trifuge in Oak Ridge tubes. The supernatant was removed 
and diltued to a concentration of lmg/ml of 0.05 M Tris- 
HCl 0.25 M NaCl at pH 8.0. Protein concentrations were es¬ 
timated spectrophotometrically on a Gilford model 240 spec¬ 
trophotometer (as described in appendix B ). 
The immunoprecipitate was transferred with a Pasteur 
pipette (prewashed in a "presoak" solution) onto presoaked 
0.45u millipore filters (one inch squares). The samples 
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were spread across the surface of the filters. The tubes 
were rinsed three times with % ml of presoak solution and these 
rinses were added on top of the sample. A suction of 14 inch¬ 
es of mercury was used to draw the fluid through the filters. 
The filters were then rinsed with two 30 ml volumes of PBS 
and were dried with one rinse of a 1:1 ethanol/chloroform 
solution (S.ml) . 
The scintillation vials were heated to 100°C for ten 
minutes to dry any residual water ( and to remove the ethanol/ 
chloroform solution) in the filters. Beckman Cocktail T 
(10ml) was added to each vial and the samples were counted in 
a Beckman LS-150 counter for ten minutes each. Quench cor¬ 
rections were made when deemed appropriate as described in 
appendix. 
Presoak solution contains lg d-L-phenylalanine, lg bovine 
serum albumin (BSA), and lg polyvinylperolidine (PVP) in 250 
ml of PBS. The phenylalanine is added first and is allowed to 
dissolve before the other components are added (thirty minutes 
at low heat with gentle stirring). The phenylalanine, PVP, 
and BSA in the presoak solution reduces non-specific binding 
of label to the membrane filters. Presoak solution is stored 
frozen. 
The variability between duplicate samples is dependent 
upon the individual running the assay. In my hands the varia¬ 
bility in triplicates of ten samples averaged 3.61 of the ap¬ 
parent mean. We accept any variance below 5% with confidence. 
Background counts (nonvitellogenic tissue) are also dependent 
upon the individual. I obtained a background level of 70 to 
90 cpm. 
Fat Body Protein Assay 
Spectrophotometric assay of fat body protein is com¬ 
plicated by the presence of phenylthiourea (PTU) in the in¬ 
cubation medium (PTU blocks melanization of the proteins in 
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the tissue culture). As an alternative method, we use the sen¬ 
sitive protein assay of Bramhall et al. (1964). 
Fat body preparations (10^, 20<?) are sonicated (3 two 
second blasts with a microtip sonication element on a Soni- 
fier Cell Disruptor, model W185 (Heat Systems-Ultrasonics, 
Inc.)(set at a minimal output) in a high salt Tris buffer 
(0.25 M NaCl 50mM phenylalanine 0.05 M Tris-HCl at pH 8.5 
and at 5°C). The sonified tissue is centrifuged (12,100g 
for ten minutes at 0°C) and 25ul aliquots(1/8th of the total 
200ul sample volume) are drawn from beneath the lipid layer 
and spread onto 1 inch squares of Whatman #42 filter paper 
(maximum caution is used to avoid contaminating the filters; 
gloves are worn during handling and the sample is spotted 
onto the filters on top of a parafilm sheet). The filters are 
numbered in pencil and are allowed to air dry. Standard solu¬ 
tions of BSA (0,10,25, and 50 ug) in high salt Tris buffer 
are similarly prepared for each assay. 
Protein samples are fixed onto the filters in 7.51 trich¬ 
loroacetic acid (TCA) with 50 mM phenylalanine (2 ml per fil¬ 
ter at 40°C). The solution is heated to 80°C and held for 
30 minutes. The filters are rinsed twice with volumes of 
(1:1) 95% ethanol/ether and twice with ether (2 ml per filter) 
to remove lipids. Delipidated filters were air dried prior 
to staining. 
A 1% Xylene Brilliant Cyanin G (microme #1224; Esbe 
Laboratory Supplies, Ontario) solution in 7.0% acetic acid 
is used to stain the filters (2 ml per filter, 15 minutes at 
50°C with constant stirring). Nonprotein bound stain is 
washed from the filters with a series of three 15 minute 
rinses (7.0% acetic acid at 50°C; 2 ml per filter). As an 
added assurance that no free phenylalanine would remain 
attached to the filters, 50 mM phenylalanine was added to the 
rinse solutions. Similar to the staining step, these rinses 
require constant stirring to insure uniform degrees of back- 
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ground staining in all the samples. After the washing, the 
filters are air dried. 
The protein-bound stain is eluted with 5ml of a destain 
solution (66ml methanol, 24ml water, 1ml concentrated ammonium 
hydroxide) in individual tubes. The destaining period is 24 
hours and is at room temperature (22.5°C±4°). Samples are 
vortexed and the concentration of dye in solution is determined 
spectrophotometrically on a Gilford model 240 at a wavelength 
of 610 nm. Proteinvalues are extrapolated from the standard 
constructed for each assay. 
Variability between triplicate samples (n=10) averaged 
2.4% of the apparent mean. Female fat bodies contain approxi¬ 
mately 40ug of protein each while male fat bodies contain 
half that amount. The protein values were used to normalize 
values for vitellogenin synthesis (on a cpm per ug protein 
basis) between experiments. An artifact in this application 
can be seen when samples of different ages are compared. 
Early adult fat bodies have high total protein levels. This 
level declines perhaps due to histolysis of muscles; (Clements, 
1963) so that the normalized vitellogenic activity of fat 
bodies can be artificially doubled (see "Macromolecular 
Changes in Mosquito Fat Bodies After Emergence"). We place 
our greatest confidence in responsiveness comparisons made 
on animals of the same developmental age. 
Viability Assay 
Viability of the tissue preparations was indexed by the 
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ability to incorporate H-phenylalanine into protein. Solu¬ 
ble protein samples from homogenized and sonicated fat bodies 
was fixed onto paper squares for the total fat body protein 
determinations (see "Fat Body Protein Assay"). After the 
final destaining step in the Bramhall process, the filters 
were collected and air dried. They were placed into individual 
scintillation vials to which was added 200ul of Nuclear Chicago 
Solublizer (NCS) and 50ul of water. The vials were held at 
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50°C (tightly capped) overnight. Ten ml of Cocktail T was 
added to each vial and 24 hours later the samples were counted 
(Beckman LS-150 for ten minutes each with external standard). 
Quench corrections were often not necessary due to the very 
slight variance in the external standard value within a series 
of samples. 
A reference level for nonsynthetic ("dead"') fat body was 
established by counting protein samples from cycloheximide- 
poisoned preparations. Previous work by Dr. M. Bohm (per¬ 
sonal communication) indicated that O.lmg/ml of cycloheximide 
(Sigma) would suffice to block all fat body respiration. Any 
counts remaining associated with the protein samples of the 
poisoned preparations were assumed due to trapped unincorpor¬ 
ated isotope or due to microbial synthesis. The results of 
the viability assay are in Table 1. Clearly, the viability 
assay is a more sensitive measure of anabolism than is the 
vitellogenin assay, because it gives a numerical value four 
times greater than that given for vitellogenic tissue via the 
vitellogenin assay. 
These data do not reflect the basic anabolism of mos¬ 
quito fat body cells but they do reflect their anabolism in 
vitro. Wound response is generally considered a short term 
phenomenon (Kaczor, personal communication) so that we may 
consider our cells to be demonstrating an adjusted basal 
anabolism by the conclusion of the 18 hour culture period. 
Viability estimates are preferably made on nonvitellogen- 
ic preparations to distinguish between treatments/conditions 
which hamper vitellogenesis versus those which damage the 
cells. 
Deoxyribonucleic Acid Assays 
The DNA content and the retention of DNA labeled in 
4*'*1 instar larvae were determined after DNA had been separa- 
t h 
ted from homogenized mosquito fat bodies. Larvae in the 4 
instar (day #5) were starved for two hours (to insure sub¬ 
sequent feeding rates would be optimal in all individuals) 
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and then fed a mixture of methyl cellulose (1.3g per 100 ml 
water) and antibiotics (penicillin, 0.2g/100ml, and streptomy¬ 
cin, 0.2g/100ml) to clean and sterilize the gut. This step 
was considered necessary to insure that the gut contents were 
evacuated (Clements, 1963; pg. 74). Dissection revealed that 
the guts were filled with a distinct transparent gel (adduced 
to be methyl cellulose) after three hours of feeding. 
After this purging procedure, 100 larvae were collected, 
rinsed in distilled water, and transferred into a vessel con¬ 
taining 100 ml of water, 50 mg of tetramin (finely pulverized), 
0.2g penicillin, 0.2g streptomycin, and 200ul of ^C-2-thy- 
midine (61mCi/mM; 50uCi/940ul) and held overnight. They were 
returned to normal rearing conditions until adult emergence. 
Because animals are eviscerated prior to assaying DNA, it was 
assumed that microbes and their DNA would not be retained in 
this tissue preparations. Any metabolism of the thymidine would 
release the label (Selman and Kafatos, 1973) as carbon dioxide. 
Small vials of potassium hydroxide (with fluted Whatman filter 
paper wicks) were placed in the rearing vessels to capture 
labeled metabolite. In a parallel experiment, females con¬ 
tained approximately 2000 dpm each immediately after eating 
(group #1 (n=10) = 2113dpm each and group #2 (n=50) = 1879dpm 
each). Preliminary experiments with H-phenylalanine (see 
table 2) indicate that ingested doses were fairly reproducible 
between individuals and that mean ingested doses were good 
estimates of individual doses. The retained counts were deter¬ 
mined at two time points after adult emergence. 
Purification of DNA followed dissection of fat bodies 
(in Aedes Medium, see Appendix A). Nucleases were blocked 
with washes of 95% ethanol, 10% potassium acetate at 0°C, 
and fat bodies were stored briefly at -80°C in parafilm sheets. 
Fat Bodies were divided into two groups; 15 for each total DNA 
assay and 5 for each labeled DNA retention assay. For the 
retention studies, lOug of carrier calf thymus DNA, Sigma #D- 
1751, was added to each sample. All fat bodies were homogen- 
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ized in 1ml 95% ethanol 10% potassium acetate at QSc. Homogen¬ 
ates were heated to 80°C for 10 minutes and 0.5 ml of hot 95% 
ethanol was added. The solutions were then cooled to 4°C for 
one hour, centrifuged (12,100g for 10 minutes), and a lipid 
fraction was removed with the supernatant (6.98% of the total 
retained dpm). 
The precipitate was resuspended in 0.5ml ethanol ether 
(1:1), centrifuged (12,100g for 10 minutes), and a second lipid 
fraction was removed in the supernatant (3.59% of the total 
retained dpm). The pellet was allowed to air dry. 
A drop of ethanol was used to wet the pellet before 0.25ml 
0.2N perchloric acid (PCA) was added (0°C). The resuspended 
pellet was centrifuged (12,100g for 10 minutes) and a uric 
acid and nucleotide fraction was removed in the supernatant 
(4.30% of the total retained dpm). The process was repeated 
and a second uric acid and nucleotide fraction was removed 
(5.43% of the total retained dpm). 
The pellet was then resuspended is 0.4ml 0.3N potassium 
hydroxide at 37°C for 1 hour, cooled to 0°C, and mixed with 
0.25ml 1.2N PCA at 0°C for 10 minutes. The solution was cen¬ 
trifuged (12,100g for 10 minutes) and hydrolysed ribonucleic 
acid (RNA) was removed with the supernatant (5.94 of the 
total retained dpm). A second hydrolysed RNA fraction was 
removed in the supernatant resulting from washing (0.5ml 0.65 
N PCA at 0°C) and recentrifuging (12,100g for 10 minutes) the 
pellet (13.32% of the total retained dpm). 
At this point the pellet was either solublized (0.2ml NCS 
and 0.5ml I120 at 50°C for 18 hours) and counted in a Cocktail 
T fluor (for estimating the retention of labeled isotope in 
DNA; 60.44%) or was hydrolysed (1.2ml 1.2N PCA at 70°C for 
20 minutes) to separate the DNA from protein prior to color- 
metric analysis. Hydrolysed DNA was sampled as an aliquot 
(lml; 80%) of the supernatant after centrifugation (12,100g 
for 10 minutes). 
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The colorimetric analysis was essentially that of Giles 
and Myers (1965). 1ml volumes of the DNA samples and of hy¬ 
drolysed calf thymus DNA type V (sigma #D-1751; 0,2,5,10 ug 
in triplicates) in 1.2N PCA were added to 1ml of a freshly 
made 4% diphenylamine solution in glacial acetic acid. Acetal¬ 
dehyde was added (0.05ml of a 1.6mg/ml solution) and the mix¬ 
ture was heated at 30°C overnight. Adsorption of the samples 
was measured at 595 nm and at 700nm on a Gilford 240 Spectro¬ 
photometer. The specific absorbance (Absyoo-Abs595) of samples 
was used to extrapolate values of DNA from a standard curve 
(prepared for each assay). Observed estimates of DNA were cor¬ 
rected (xl.2) to include the unsampled portion of the DNA hy- 
drlyzate. 
Because known quantities of DNA were not carried through 
this purification process, we do not know the percent yield 
of the procedure and we cannot assume that observed titers of 
DNA are accurate. However, these finding are in general agree¬ 
ment with reports from researchers who used the same colori¬ 
metric analysis (Lang, et al., 1965). Direct spectrophoto- 
metric estimates of mosquito DNA do not agree with our values. 
Belvins (1972) observes 10 times the DNA which we find in ab¬ 
domens when he looked at entire animals. 
The observed dpm values for retained label were determined 
14 from extrapolation from a quench correction curve for C 
counted in a modified Bray’s cocktail (5g PPO, lOOg napthaline, 
1.01 dioxane) unless otherwise indicated (see Appendix C). 
The total distribution of dpm in each of the individual frac¬ 
tions for each sample is in Table 3. 
Anesthesis 
Insects were drawn from "collecting boxes" or directly 
from emergence vessels with gentle aspiration and were held 
in pint sized ice cream drums with a fine net covering. The 
animals were either anesthestized with cold air (4°C for 5 to 
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10 minutes or-12°C for 90 seconds) or with nitrogen. Pro¬ 
longed anesthesis (30 minutes) over ice had no observable ef¬ 
fects on the responsiveness of the fat body if the insects 
were kept from direct contact with the ice (i.e. kept within 
the cardboard ice cream drums). We avoided the use of carbon 
dioxide because we felt it may contribute to a condition of 
acidosis in the mosquitoes. 
Fat Body Dissections 
Anesthestized mosquitoes are placed on their backs in 
depression slides filled with cold Aedes medium (see Appendix 
for medium composition) on the stage of a Wild dissecting 
microscope (12X objective and 10X ocular). The light source 
has a heat shield to retard arousal of anesthestized insects. 
A small incision is made ventrally between the 6r and the / 
segments. The internal viscera are drawn from the abdomen by 
their attachments to the terminal segments. The alimentary 
tract eventually severs (usually behind the junction of the 
ventral diverticulum) and is discarded. Caution is taken 
to note that both ovaries (or testes) are removed in this step. 
A second incision is made between the first abdominal seg¬ 
ment and the thorax and then the abdomen is removed. Care is 
taken not to get the abdomen too wet during this and subsequent 
steps (wetting will prevent the tissue from floating properly 
in the organ culture). If the diverticulum ruptures during 
this operation, the fat body is assumed to be contaminated 
by proteolytic enzymes and is discarded. 
The interplural membrane is then opened along the side 
of the abdomen. The fat body lies in close association with 
the abdominal wall, so that the less handling used to open 
the abdomen, the less damage is done to the fat body cells. 
Once opened, the ”fat body preparation” is floated on top of 
the medium (fat body side down) until a group of 10 is ready 
for transfer into incubation tubes. 
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The entire process was done in a laminar flow sterile hood, 
but such precautions were deemed unnecessary for standard incu¬ 
bations (18 hours in culture). 
The total operation time per insect varies with experi¬ 
menter (I average 2 minutes per animal). Insects were usually 
dissected in pairs to facilitate the handling and transfer 
steps (usually the slowest steps). 
It should be noted that the fat body preparation is not of an 
homogenous population of cells. It contains epidermis, 
oenocytes, heart, tracheae, and probably hematocytes pericar¬ 
dial cells, and nerves also. The fat body cells themselves 
may be subdivided into urate cells or trophocytes. The un¬ 
defined structure of the fat body preparation is expected to 
change with time (see "Macromolecular Changes in Mosquito Fat 
Body"). Macroscopically, it is obvious that newly emerged 
female fat body is more diffuse and easily damaged than older 
fat body. The ovaries in newly emerged females are also more 
rostral than in older (2 days +) females. 
Incubations 
Groups of 10 females or 20 males were dissected. The 
fat bodies were individually transferred on sterilized needles 
to minimize the volume of dissecting medium transferred into 
the incubation tubes (sterile plastic culture tubes). The 
incubation period was 12 hours (at 22.5 C and with gentle shak¬ 
ing in a water bath). This was followed by a 3 hour label¬ 
ling period and the assays for vitellogenin and for total 
fat body protein (viability assays also). The formula for 
the incubation medium can be found in Appendix A. To each 
90ul of medium is added lOul of either 10”5M $-ecdysone (Eco- 
control Co.) in distilled water or simply distilled water. 
After hormonal activation of the tissues, the incubation 
medium is drawn from beneath the tissues and 100 ul of new 
T 
medium with 5 uCi H-phenylalanine is added for 3 hours. The 
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hot medium is removed from beneath the tissues. The fat 
bodies are washed twice with 50 ul of PBS and the washes are 
combined with the hot medium "sample." The final 200 ul vol¬ 
ume is stored in a Beckmann microfuge tube at 4°C until the 
immunoprecipitant assay is done. At no time are the samples 
held for longer than 48 hours before immunoprecipitation. 
The fat bodies are washed from the tubes with PBS and are 
collected on parafilm sheets. Excess PBS is pipetted from 
the tissue and the fat bodies are folded into the parafilm 
and are stored at -80°C until the total fat body protein 
assay is done. 
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The H-phenylalanine (Amersham Searle) came in a solu¬ 
tion of 2% ethanol which we evaporated to ^ volume under a 
stream of nitrogen at 50°C (to remove any trace of ethanol 
going into the medium). Cold d-L-phenylalanine was added 
to the isotope to bring the specific activity to 5 Ci/mM. 
The hormone was dissolved in distilled water at a con- 
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centration of 10 M and successive dilutions were made to 
bring the final hormone concentration to the desired levels 
in medium. The high solubility of 3-ecdysone allows one to 
make these aqueous dilutions with full confidence in the 
accuracy of the resultant concentration. 
Ligations 
Ligation procedures were used to separate the develop¬ 
ing fat body from cephalic and thoracic endocrine centers. 
Sham operations could not be provided to assess the opera¬ 
tional trauma of this treatment, but 95% of a group of iso¬ 
lated abdomens survived (i.e. abdomens either wiggle spon¬ 
taneously or can be prodded to move by gently tapping the 
terminal abdominal segments; at high magnification (25x10 
respiratory movements are obvious) for a period of 72 hours. 
Fallon et al. (1974) noted that the fat body cells of un¬ 
ligated animals appear healthier than those of ligated animals. 
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Through our assessment of viability,(see "viability assay") 
we find that isolated abdomen cells are only 1/3 as anaboli- 
cally active as control fat body cells (the cellular response 
was tested after a 24 hour holding period.'; the donors were 3 
days old) . 
To perform thoracic ligations, one places insects on their 
backs on plasticene (in a depression slide) and presses their 
wings, hind legs, and their probosces into the substratum. 
As a result, the abdomen projected upward and could easily 
be lassoed with a fine nylon thread (gift of A.O. Lea, Univ. 
of Georgia). The thread loop is pulled taut at the abdominal- 
thoracic junction and the thorax was ripped from the ligated 
abdomen. A drop of Paraplast (at its melting temperature) 
was placed on the wound with a heated wire loop to minimize 
drying and/or infection. 
It was necessary to hang isolated abdomens vertically 
during long holding periods (this facilitates defecation and 
minimizes clogging of the anal pore) and to clean them daily 
with a cotton swab. Parafilm sheets were hung on glass rods 
across clean h pint ice cream cups. Isolated abdomens were 
"welded" onto the parafilm by melting the ligation thread into 
the parafilm with a heating wire loop. Ten to thirteen pre¬ 
parations were held per sheet, and the entire container was 
placed inside a dessicator chamber saturated with water (to 
prevent drying of the tissues). The dessicator was returned 
to the temperature and photocycle of the insectary. 
The total operation time per abdomen was 60 seconds for 
this experimenter. 
Earlier experiments ( not reported elsewhere) suggested 
that thoracic ligation is substantially more traumatic than 
cephalic ligation (Table 4). Preparations were tested for 
vitellogenic capacity after a 36 hour holding period. The 
cephalic ligates (via ligature at the neck sealed with a 
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drop of Paraplast) were essentially indistinguishable from 
the unoperated controls "(the very large standard errors are 
a result of pooling data from several batches of mosquitoes). 
The thoracic ligates, however, lost an appreciable level of 
their vitellogenic capacity. We can interpret the loss of 
responsiveness in isolated abdomens of these three day old 
mosquitoes to either a reduction in the nutritional condi¬ 
tion of the fat bodies (thoracic ligation can be expected to 
disrupt the flow of stored sucrose solution in the dorsal 
diverticulum into the alimentary tract), or to the specific 
removal of a source of maintenance factor produced in the 
thorax. 
Topical Applications 
Topical applications of juvenile hormone were given 
after the method of Gwadz and Spielman (1973). Juvenile 
hormone (JH; C-^g Juvenile Hormone #J-31012, Eco-control Co.) 
was disolved into redistilled acetone and 0.5 ul volumes were 
applied to abdomens of adult animals (one half of this volume 
was given to males due to their smaller size)and also to the 
abdomens of operated animals. 
Doses of hormone which reproduce normal JH dependent 
avary growth (Hagedorn, et al., in press) in isolated abdomens 
(0.5 ug to 0.05 ug) were accepted as an "effective physiolo¬ 
gical dose." The JH was measured out in a Hamilton glass 
gas chromatography syringe (10 ul capacity). Drops were ex¬ 
truded from the syringe needle and the abdomens were quickly 
(and briefly) brought into contact with the needle tip 
effecting transfer of the solution. 
High JH doses (in excess of lOmg/ml) were lethal to the 
mosquitoes for unknown reasons, but were never ascribed to the 
acetone (the sham topical application). 
Allatectomy 
Dr. Arden 0. Lea, University of Georgia, allatectomized 
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our mosquitoes. Adults were collected at emergence and anesthe¬ 
tized with nitrogen. The operation (as described elsewhere; 
Lea, 1963) took 5 minutes per individual. No mortality was 
observed 36 hours postoperatively. Sham operated individuals 
showed 11% mortality (31/35 individuals survived) during the 
same 36 hour period. 
The allatectomized animals were provided a 5% sucrose 
solution (in small cotton balls) and were maintained at high 




The results are arranged in four sections, each repre¬ 
senting a facet of the study of hormonal regulation of 
vitellogenesis and vitellogenic competence. The first sec¬ 
tion describes the temporal aspects and hormonal regula¬ 
tion of the development of vitellogenic responsiveness. 
The second section describes the macromolecular changes 
which occur within the developing tissue preparation and 
is intended to serve as a background from which one may 
speculate as to the mechanisms whereby competence is 
achieved. The third section addresses the sexual specifi¬ 
city of the vitellogenic competence and goes further to 
illustrate that the ability to become competent is, itself, 
a sex specific feature. This point is appreciated when one 
realizes that the trigger for adult maturation and for 
vitellogenesis are the two most common and ubiquitous in¬ 
sect hormones. The dichotomy of the responsiveness of the 
fat body preparation between the sexes must be engendered 
by some sex specific condition. Section three does allude 
to this. The final section provides data to assess the 
comparability of our in vitro activation of vitellogenesis 
with the normal in vivo activation. Our tissue sensitiv¬ 
ity is not apparently altered when placed in vitro and 
the conclusions drawn from our in vitro studies most prob¬ 
ably obtain in vivo. 
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The Role of Juvenile Hormone in the Development of Vitellogenic 
Responsiveness in the Fat Body of the Yellow Fever Mosquito, 
Aedes aegypti. 
Introduction 
Insect yolk proteins, or vitellogenins (Pan, Bell and 
Telfer;1969), are synthesized in the fat body, released in¬ 
to the hemolymph, and sequestered by the developing oocyte 
(Price, 1972). The production of yolk is an obligate phase 
of oogenesis and is under hormonal control (Engelmann, 1970; 
Doane, 1973; Hagedorn, 1974). The appearance of the vitel¬ 
logenin in the hemolymph is both age and sex-specific (Pan, 
1971), but the time at which vitellogenesis is initiated 
differs within the various insect groups. In the cecropia 
where the adult does not feed and the last larval instar 
has all the yolk precursors, vitellogenesis can begin as 
early as the late pharate-pupal stage. In anautogenous 
mosquitoes, where the yolk precursors are derived from a 
blood meal, vitellogenesis is delayed until that blood meal 
has been taken. The pecularities of the regulation of vitel¬ 
logenesis in different animal groups are a focus of attention 
in that the regulation of yolk production has become a model 
system for the study of the molecular mechanism of hormone 
action (O’Malley and Schrader, 1976; Clemens, 1974). While 
a lipid hormone is assumed universally responsible (though 
not necessarily solely responsible) for the induction of 
vitellogenesis, the insects are not consistently dependent 
upon a steroid hormone. The general picture has emerged 
that insects utilize a methylated farnesyl ester to trig¬ 
ger vitellogenesis. The mosquito is a noteworthy excep¬ 
tion (Hagedorn et al., 1975), initiating vitellogenesis 
with the steroid hormone ecdysone. 
The vitellogenesis of the mosquito is interesting for 
two reasons. The insect does not appear to adhere to the 
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convention of the other insects and has "captured" (Hislaw, 
1963) a hormone which has a powerful effect on molting to 
trigger a very particular adult response. In this report 
we study the development of steroid sensitivity in the tar¬ 
get tissue which produces the vitellogenin. 
Materials and Methods 
Aedes aegypti of the Rockefeller strain were reared at 
22.5 ± 5°C with a 16 hour photoperiod in a humid insectary 
using standard techniques (Judson, 1967). Adults were pro¬ 
vided with a 5% sucrose solution and held under the same 
conditions as larvae. Animals were anesthesized by chill¬ 
ing just prior to experimental treatments. 
Fat body organ culture procedures (Fallon et al., 1974; 
Hagedorn, 1974) evolved removing the abdominal cuticle with 
attached fat body and floating the preparation in a defined 
culture medium for 12 hours. The culture medium is replaced 
with fresh medium and labeled amino acid to allow the pre¬ 
parations to synthesize labeled proteins for a 3 hour per¬ 
iod. The presence of newly synthesized vitellogenin is 
determined by radioimunoprecipitation and liquid scintil¬ 
lation counting. The observed vitellogenin counts were 
normalized on a per ug fat body protein basis (using the 
assay of Bramhall et al., 1969). The data is recorded 
as the mean ± the standard error of triplicate samples. 
Ten fat bodies are used for each sample. 
Operational treatments included topical application of 
juvenile hormone (JH, C-^g Juvenile Hormone of Eco-control 
Co.) after the procedure of Gwadz and Spielman, 1973, liga¬ 
tion to isolate the fat body (in the abdomen) from cephalic 
and thoracic endocrine centers, and allatectomy to specifical¬ 
ly remove the Corpora allata after the method of Lea, 1963. 
Topical applications of hormone known to reconstitute nor¬ 
mal juvenile hormone - dependent ovary growth in isolated 
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abdomens were observed making respiratory movements for as 
long as 72 hours after ligation. The allatectomies were 
prepared by Arden O.Lea (University of Georgia). No mor¬ 
tality was observed in the group of allatectomized insects 
during the 72 hour holding period following their treatment. 
Results 
Ecdysone stimulates vitellogenesis in mosquitoes (Spiel- 
man, et al., 1971) but it also induces molting (Wiggles- 
worth, 1970). Because both processes would compete for the 
same resources (amino acids for assimulation into yolk and 
cuticle respectively) they may be considered antagonistic. 
We were curious as to how the insect separated the responses 
of the two target tissues. In Figure 1, we demonstrate 
that the fat body becomes responsive 36 hours after adult 
emergence, insuring that vitellogenin is not synthesized 
during the molting periods. Conversely, we know that the 
epidermis is not responsive to ecdysone in the adult. How 
then does the insect control the development (or the loss) 
of target tissue responsiveness? 
Thoracic ligation destroys the fat body responsiveness 
of three day old adults (unpublished observations). We 
assumed a role for a thoracic endocrine factor effecting 
vitellogenic responsiveness. In the adult mosquito the 
only known thoracic endocrine center is the corpus allatum. 
Its product has been chemically identified in other insects 
and is referred to as juvenile hormone because of its 
demonstrated affects on morphogenesis. Juvenile hormone 
(C-^gJH) shows profound activity in the normally juvenile 
hormone-dependent processes of the mosquito (Gwadz § Spilman, 
1973) The post-emergence activity of the mosquito Corpora 
allata coincides well with fat body development (Hagedorn 
et al., in press). We reasoned that if the juvenile hor¬ 
mone did play a role in the control of fat body vitellogen¬ 
ic responsiveness, then topical application of juvenile 
hormone to newly emerged adults may facilitate precocious 
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development of vitellogenic responsiveness. The results of 
this experiment (Table 5) indicate that juvenile hormone 
can indeed accelerate the development of responsiveness. 
The fact that juvenile hormone can show an effect on 
the development of responsiveness (when topically applied) 
is not sufficient evidence to claim that juvenile hormone 
normally plays such a role in the intact animal. By re¬ 
moving the Corpora allata specifically (via allatectomy) 
at adult emergence, and therefore the source of juvenile 
hormone exclusively, we were able to demonstrate that 
development of vitellogenic responsiveness requires juven¬ 
ile hormone (Table 6). This effect is comparable to the 
effect of thoracic ligation upon vitellogenic responsive¬ 
ness. When juvenile hormone is topically applied to the 
isolated abdomens (ligated at emergence) a degree of vitel¬ 
logenic responsiveness is recovered (Table 6). The respon¬ 
siveness of the juvenile-hormone - treated and the untreated 
36 hour isolated abdomens are significantly different 
(p=0.02) and represents a reconstitution of nearly 10% 
of the expected fully responsive level. In as much as 
the trauma of ligation cannot be assessed in sham oper¬ 
ation animals (the sham operated animals in Table 6 are 
sham allatectomies) the apparent 10% reconstitution may 
reflect a far greater development of the total responsive 
potential. A ligation period of 36 hours or 48 hours is 
bound to have some nonspecific nutritional effect upon the 
mosquito cells which will certainly alter their maximal 
response levels. 
Discussion 
The adult mosquito has captured the steroid hormone 
ecdysone (no longer effective on epidermal tissues) to 
trigger the production of yolk. The dependence of juven¬ 
ile hormone in the yolk synthesizing process (here effect¬ 
ing target tissue maturation) is typical of the insects 
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while the ultimate trigger for vitellogenesis is apparent¬ 
ly unique. More than simply unique, it is expensive. Ste¬ 
roids, which are obligate dietary requirements, are costly 
to synthesize. Once converted into ecdysone they are effec¬ 
tive at fairly high micromolar concentrations. What then is 
gained by using a steroid to trigger yolk production? It 
would appear that the juvenile hormone-induced maturations 
proceed slowly (over an approximate 2 day period) and in a 
variety of tissues (ovaries, fat body, and also midgut, Brie 
gal $ Lea, personal communication). The juvenile hormone ap 
pears to prime the vitellogenic tissues for extremely rapid 
activation (3 to 4 hours) when presented with the steroid 
hormone. In the evolutionary arena, where speed is a form 
of survival, the rapid conversion of a blood meal into eggs 
may have been facilitated by the capture of a hormonal trig¬ 
ger allowing primed reproductive tissues to respond rapidly 
to favorable egg producing conditions. It remains to be 
determined how similar the developmental changes induced in 
the mosquito fat body by juvenile hormone are to the changes 
occurring in other systems where juvenile hormone is the 
only lipid involved in activating vitellogenesis. 
Macromolecular Changes in the Developing Mosquito Fat Body 
Preparation after Emergence 
Introduction 
The molecular nature of the maturational events which 
occur in the mosquito fat body preparation after emergence 
are not yet known. We have examined total protein concentra 
tions, total deoxyribonucleic acid concentrations, and the 
turn-over of larval DNA in maturing tissues to establish 
correlative, though not necessarily causative, relation¬ 
ships between macromolecular fluxes and the development 
of competence. We also report the initial results of 
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continuing studies on fat body preparation morphology and 
post-emergence DNA synthesis trends. The identity of the 
cells responsible for the observed macromolecular changes 
are not yet known. 
Materials and Methods 
Protein estimates were taken from cultured fat body 
preparations after the method of Bramhall et al., 1969. 
DNA values were determined using the colorimetric assay 
of Giles and Myers, 1965. The fate of larval DNA was de¬ 
termined by labeling cells with C-2-thymidine (Selman and 
Kafatos, 1973) and recording the loss of label from DNA 
fractions as the tissue matures. The isolation of the DNA 
fraction is described elsewhere (Flanagan, thesis, Chapter 
II). 
Protein after Emergence 
The concentration of protein halves as the fat body 
matures (Table 7). We were not able to distinguish be¬ 
tween a large group of cells losing half of their protein 
or a smaller group of cells losing all of their protein- 
acious biomass. The protein is of cellular origin because 
it remained with the organ culture for 18 hours of incu¬ 
bation and through 3 washes. Belvins (1972a) observes a 
similar halving of total protein in a study done on entire 
mosquitoes. After the initial decline a stable protein 
level is established for the rest of the observed adult 
period. 
Deoxyribonucleic acid after Emergence 
If the loss of cellular protein was due to selective 
cell death, then the loss in cell number should be reflected 
in a loss of DNA. No such parallel was found in the DNA 
titer of female mosquitoes, but a statisticallysignificant 
decrease in the DNA titer of male mosquito fat body prepara¬ 
tions was observed (p=0.02). Table 8 presents the results 
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of DNA titer measurements. Others looking at DNA changes in 
intact mosquitoes had conflicting results. Belvins (1972b), 
using a spectrophotometric approach, did not detect any loss 
of DNA while Lang et al. (1965), using a colorimetric assay, 
saw a loss of about 20% of the total DNA of a newly emerged 
female. We have used an elaboration of the method used by 
Lang’s group in our study of the fat body preparation and 
have comparable results in the absolute DNA levels, but we 
cannot support his observed trend in DNA flux of the female. 
A loss of DNA would be masked if new DNA was being syn¬ 
thesized concurrent with the turn over of old DNA. The fate 
of larval DNA surviving metamorphosis was determined by label¬ 
ing larval DNA and observing the retention of label in groups 
of newly emerged adults. Table 9 and table 10 report that 
while a constant non-DNA background level is observed in 
developing fat body preparations, the total labeled DNA ap¬ 
proximately halves in both males and females. This result is 
consistant with the hypothesis that a population of cells is 
turning-over. That this turn-over is sex-specific is indicated 
by the fact that while female fat body preparations do incor¬ 
porate label into DNA after emergence, males do not (Flanagan 
and Kaczor, unpublished observations). Therefore, males de¬ 
stroy a population of cells while females replace them. 
Belvins and Liles (1971) have estimated the DNA per 
diploid nucleus in Aedes aegypti to be 294 fg/nucleus. Using 
these estimates, mature male fat body preparations have, at 
most, 120,000 cells while females have either 30 times that 
cell number, some degree of polyploidy, or some combination 
of the two alternatives. The data is summarized in table 11. 
Discussion 
Trager (1937) has stated that larval fat body is eq- 
uatable to adult fat body because no period of cell division 
separates the two in the mosquito. There is a question as 
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to when Trager discontinued his observations on adult fat 
body. It is possible that the larval fat body survives meta¬ 
morphosis only to be disassembled in the developing adult as 
is the case in the blow fly (Harlow, 1956). Alternatively, 
the DNA turning-over in the fat body preparations may be un¬ 
related to the fat body cells. The identity of the cells 
which do incorporate the isotope into DNA in the fourth lar¬ 
val instar remain unknown. An autoadiographic study is needed. 
As pertains to the DNA synthesis in the newly emerged 
adult females, is DNA synthesis prerequisite to vitellogenic 
competence? Polyploidy does proceed secretory function in the 
Tsetse-fly milk gland (Tobc and Davey, 1974). Iloltzer et al. 
(1972) have long argued that DNA synthesis was central to 
cellular differentiation. Recently, however, Kastern and 
Krishnakumaran (1975) have experimentally separated differen¬ 
tiation. Similarly, Jost et al. (1975),using the temporary 
DNA synthesis inhibitor hydroxyurea, showed that the co-oc- 
curing DNA synthesis was not required for chicken oestradiol- 
induced avidin synthesis. It may well be that a differen¬ 
tiating cell is removing regulatory restrictions while it 
exposes new genes and in so doing may be allowed to replicate 
its entire genome. 
It does remain to be demonstrated what role the adult 
DNA synthesis plays in the development of responsiveness, if 
any. We do realize that the male does not synthesize the 
same degree of DNA as does the female and we do realize that 
males are not vitellogenically competent. We do also realize 
that the fat body cells undergo changes after adult emer¬ 
gence (Flanagan, Enos, and Behan, unpublished observations). 
Newly emerged fat body preparations are characterized by 
much muscle and disperse fat body clusters with several large 
vacuoles per cell. After a blood meal (18 hours), the fat 
body cells have larger, though fewer, vacuoles and appear in 
more discrete lobes. These changes are a result of both post- 
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emergence maturational changes and post-bl°od meal, ecdysone- 
induced changes. The two types of changes can be resolved at 
the ultrastructural level. At emergence, fat body cells 
(recognizable by the presence of large lipid vesicles) pos¬ 
sess glycogen rosettes and birefringent vesicles (presumptive 
protein storage vesicles). After 18 hours of maturation, the 
cells loose the glycogen and the dense vesicles and accumu¬ 
late massive ribosome pools. After the blood meal, the ri¬ 
bosome pools decrease but rough endoplasmic reticulum develops 
and well formed golgi apparatus and presumptive vitellogenin 
secretory vesicles appear. The role that juvenile hormone 
(the causative agent of fat body maturation) plays in these 
morphological events is being investigated. It is sufficient 
to conclude by saying that the change in the developing fat 
body preparations is not simply a reduction of old cell 
types, but also a reorganization of retained cell types. 
Vitellogenic Responsiveness of Male Fat Body 
Introduction 
The vitellogenins are a class of proteins operationally 
defined as female-specific yolk proteins (Pan et al., 1969). 
While in vertebrates, males can be made vitellogenic with 
administered doses of vitellogenic hormone (Bergink et al., 
1974), the invertebrates do not appear to have the hormonal 
plasticity of vertebrates (Filburn and Wyatt, 1975) . In 
this report we examine the ability of the male mosquito fat 
body to become responsive to the vitellogenic hormone. 
Materials and Methods 
The incubations of male tissue are essentially the 
same as described elsewhere for female tissue (Hagedorn et 
al., 1975). A constant fat body protein concentration was 
maintained anticipating the probability that the fat body 
tissue "conditioned" the medium and that the conditioning 
would depend upon the total concentration of tissue in cul- 
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ture (suggested by work of Benson et al., 1974). The tissue 
concentration was 400ug per lOOul of incubation medium. 
Applications of juvenile hormone (JH) were done by the 
method of Gwadz and Spielman (1973) . One half of the dose 
effecting normal growth of the ovary in the female was ad¬ 
ministered to the males (an adjustment made to keep the dose 
per mg tissue constant). The JH dose was estimated at 8xlO~I]M 
(0.5ul of a lmg/ml solution of JH applied to an insect with 
a total water volume of 1.9ul). This estimate is most surely 
an over estimate of the actual titer within the insect. 
Results and Discussion 
Synthesis of Mdle and female fat body preparations were 
incubated in_ vitro and the vitellogenin was measured. Under 
conditions which permit near full responsiveness of female 
tissue (peak iii vitro activated tissue is 1001 as active as 
in vivo activated tissue) male tissue is indistinguishable 
from cycloheximide-poisoned female tissue (Table 12). This 
leads us to conclude that either male tissue is only 51 as 
anabolically active as female tissue or that the culture con¬ 
ditions favorable for female tissue response are lethal to 
male tissue. Clearly some in vivo measure of basic anabolic 
rate is called for. 
It is, of course, impossible for one to conclude from 
the above observations that male tissue is nonvitellogenic. 
One can only argue that point; increasing the strength of 
the argument by increasing the list of unsuccessful manipu¬ 
lations designed to coax a vitellogenic response from the 
recalcitrant cells. It should be noted that we have made 
provisions to reconstruct the conditions optimal for female 
response in the male tests (i.e. maintaining a constant tis¬ 
sue density, temperature, etc.). The question remains open 
at this point: can male tissue become vitellogenic if it 
is not vitellogenically responsive in the normal male? 
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Juvenile hormone triggers a variety of maturational 
changes in the adult female mosquito (ovarian growth to rest¬ 
ing stage one, Gwadz and Spielman 1973; development of an 
ecdysone inducible protease, Lea, personal communication; 
and development of a state of vitellogenic responsiveness in 
the fat body, Flanagan et al., in press). The ability of 
the hormone to cause the development of responsiveness in 
unresponsive females suggests that JH may be able to gen¬ 
erate a responsive state in male mosquitoes. This was, how¬ 
ever, not the case (Table 13). The same JH concentration 
effective in causing maturation of female responsiveness is 
ineffective in the male after 36 hours. This suggests that 
male fat body is not and cannot become responsive to the 
vitellogenin stimulating hormone. 
If male tissue is prohibited from expressing its vitel¬ 
logenic genes then the inhibition could be caused exogenously 
to the fat body cells (i.e. via some gland analogous to the 
crustacean androgen gland; Croisille et al., 1974). It 
should be noted, however, that only a single (unconfirmed) 
androgen gland like organ has been reported (Naisse, 1969), 
and that the male milieu will support vitellogenesis in 
Polyphemus (Blumenfeld and Schneiderman, 1968) . Inhibition 
is probably programmed directly into the male fat body cells. 
An area of research receiving too little study is the 
phenomenon of thermal feminization of male mosquitoes. 
Male mosquitoes reared at high temperatures as larvae acquire 
a host of female characteristics as adults (Horsfall and 
Anderson, 1961 and 1963). The full extent of the feminiza¬ 
tion remains to be determined, but Voorhees (personal com¬ 
munication) believes the altered males can produce vitello¬ 
genin, the point being that femalesness is ordinarily turned 
off in developing males. Moreover, the feminization is a 
reversible process (if the treatment is halted before a spe¬ 
cific critical period is reached) and the animal reverts to 
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the masculine state. One may hypothesize that vitellogenic 
genes are normally inactivated in developing males. 
Failure to activate male tissues with the same treat¬ 
ments which activate female tissue may reflect the difference» 
between activating the tissues (in the females) and simul¬ 
taneously removing earlier inhibitions and then activating 
the tissue (in the males). The larval programming of tissues 
might dictate two different and irreversible responses (sex 
specific) to the juvenile hormone seen after adult emergence. 
Where the females are apparently programmed to undergo a 
maturation in response to JH, the male tissue may be pro¬ 
grammed to undergo selective cell death. There appears to 
be a drastic difference in the nature of macromolecular changes 
occuring in the two sexes after emergence (see "macromolccu- 
lar changes in the mosquito fat body”, Chapter 111). 
It is not immediately apparent why male mosquitoes 
should selectively inactivate their vitellogenic genes. The 
animal does not have the endocrine organ which causes the 
activation of the female fat body (the ovaries) and would 
not be in jeopardy of becoming vitellogenic. However, it 
remains possible that the male could be producing eedysone 
in some other organ for yet some other essential function 
(Kambysellis and Williams, 1972, have demonstrated a role 
for eedysone in spermatogenesis). 
Water Content of Adult Mosquitoes 
Introduction 
Estimates of the water content of mosquitoes differ 
greatly. The maximum water content of adult mosquitoes is 
accepted to be near 73% of the total body weight (Belvins, 
1973; Lang et al., 1965). This level of water decreases to 
values of 64% (by day 3; Belvins, 1973) or 60% (by day 8; 
Lang et al., 1965) and remains constant. The rate and de¬ 
gree of water content reduction may be dependent upon the 
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conditions under which the adults are held. Therefore, we 
felt we should determine the water content of our own insects 
under our standard rearing conditions. 
Materials and Methods 
Three samples of 50 females were selected at random 
from several batches of mosquitoes of age 3 days and also of 
age 8 days. They were starved for 12 hours in an effort to 
minimize gut contents (water was provided in cotton stoppered 
vials and the humidity was maintained at high levels). Sam¬ 
ples were quickly frozen (5 minutes at -80°C) and weighed 
(net weight). Water was removed by heating samples to 100°C 
in an evacuated desiccator (-24 inches mercury pressure) for 
24 hours. Samples were weighed again (dry weight). 
Water content (net weight minus dry weight) was deter¬ 
mined and was recorded as volume per adult female mosquito 
and as percent total weight (Table 14). 
Discussion 
Using a water estimate of 1.9 ul for a 3 day old adult 
female and the maximum extracted ecdysone of a fed adult 
(275 pg; Hagedorn et al., 1975), and assuming that the ecdy¬ 
sone is completely distributed in the body water, we deter¬ 
mined that the maximal expected molarity of ecdysone in vivo 
(3x10 M) is quite comparable to the optimal dose iii vitro 
(10xl0'7M). 
Figure 1 
Fat body preparations were taken from adult female mos¬ 
quitoes at the times indicated. Tissues were assayed 
for the ability to synthesize vitellogenin when given 
a standard dose of hormone under standard incubation con¬ 
ditions. The vitellogenic response is recorded as pre¬ 
cipitated counts per minute per microgram of fat body 
preparation protein (n = 3). Responses of tissues not 
given hormone are indicated by the broken line. Routine 
observations have yielded the following control values: 
vitellogenic response, 68 t 8 counts per minute per micro¬ 
gram; non-vitellogenic response, 11 ± 2 counts per minute 
per microgram (n = 11). 
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Fat body preparations were incubated as indicated for 12 hours 
then the incubation medium was replaced with fresh medium con¬ 
taining 5 uCi of E-phenylalanine. After a three hour pulse 
the medium was collected and the incorporation of isotope into 
the vitellogenic fraction of labeled proteins (i.e. those pro¬ 
teins precipitated by vitellogenin antis era) was assessed. The 
observed counts are normalized to account for varrying tissues 
sample size and th&results are recorded as counts per minute 
per ug of soluble fat body-preparation protein. The incorpor¬ 
ation of label into total soluble fat body-preparation protein 
was determined by counting tissue homogenate alliquots solub- 
lized from filter papers after the Bramhall protein assay. This 
date was also normalized on a per ug fat body-preparation basis. 
It is presented as an index of "viability." 
Representative responses of fat body preparations in the 
viability and vitellogenin synthesis assays. 
TISSUE STATES VITELLOGENIN VIABILITY 
Vitellogenic (10 ^M 3-ecd.): 
standard (n=3) 68. 7 ± 4. 7 296.6 ± 8.9 












Animals were allowed to feed ad lib on a mixture of ntandard 
dietj antibiotics 3 and H-phenylalanine after indenting methyl- 
cellulose for a two hour purging petfood. The labeled meal was 
provided for 24 hours (during the 4 1 larval stadium). The lar¬ 
vae were then transferred to normal diet for two hours to allow 
them time wash excess label off their cuticle. Whole animals 
were solublized with NCS at 50° C overnight and then counted in 
Cocktail T. The observed counts per minute are presented here. 
Variability in ingested isotope i n Into 4th i ns I ;i r mosqu i t ocs 
TRIAL ft OF LARVAE X ± STANDARD ERROR S.E. AS % OF X 
1 17 1132 t 70 opm 6. 2% 
2 16 1215 ± 84 opm 6.9% 
3 15 1061 ± 54 opm 5. 1% 
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Table 3 
The recovery of label in frac^ons of fat body preparation 
homogenates from animals fed C- 2-thymidine as 4™ instar 
larvae. Fractions 1 and 2 are successive lipid fractions. 
Fractions 3 and 4 are successive uric acid fractions. Frac¬ 
tions 5 and 6 are successive RNA fractions (with a possible 
contamination from hydrolysed DNA in the latter fraction.) 
Fraction 7 is the DNA and protein fraction. 
Distribution of isotope in fractions of mosquito fat body 
preparation homogenates recorded in disintergrations per 
minute. 
SEX AGE FRACTION NUMBER TOTAL 
1 2 3 4 5 6 7 
9 0 76 35 49 61 64 143 1147 1575 
9 0 71 42 46 6 3 56 73 1151 1502 
9 0 97 38 42 59 74 156 1403 1868 
9 48 73 46 43 62 80 87 695 1086 
Q 48 73 45 53 61 70 26 2 679 1242 
9 48 68 35 54 58 62 10 3 467 847 
6 0 72 37 51 60 67 181 462 9 33 
6 48 97 37 42 54 63 200 203 6 98 
6 48 80 40 37 58 54 77 183 528 
S 48 65 38 53 58 58 176 221 660 
'bald e ’/ 
Abdomens from throe day old adult females were ligated and hold 
for 84 hours* Decapitated three day old adults we re also held 
for 84 hours. The ability of the J'at bodies to synthesise 
Vitellogenin Was assessed under standard vitellogenesis assay 
oondi t ions and the results were recorded <o» precipitated counts 
per minute per ug of fat body•preparation protein. Control 
preparations and animats decapitated with cephalic ligations, 
demonstrated optim at responsiveness while the abdomens iso- 
la ted by thoracia ligation Were Very weakly responsive. Dis¬ 
tinctions between nutritional and other humoral effects upon 
responsiveness could not be drawn from this experiment . 
Stability o! the responsive state in Isolated abdomens. 
TRI A I Ml N I S (N '>) CF'M / fir, PROTEIN 
c<>n t ro f 
cephalic ligation 
thoracic ligation 
69.0 t 83.7 
67. 8 l 48.8 
84.3 I 14.6 
Table 5 
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Animals were collected at emergence and treated and assayed 
as indicated. Acetone application (0.5 ul) and acetone plus 
juvenile hormone applications (0.5 ul and 0.5 ug) were given 
within onehour post emergence. Vitellogenic responsiveness 
was determined under standard conditions in_ vi tro and is re¬ 
ported as precipitated counts per minute per ug fat body pre¬ 
paration protein plus or minus the standard error of the sample. 
Juvenile hormone promotion of precocious vitellogenic 
responsiveness 
TREATMENTS (n=3) CPM / jUG PROTEIN 
control at 48 hours 9 2.0 ± 2.3 
control at 24 hours 16.4 ± 2.8 
acetone treated at 24 hours 10.8 ± 2.0 
juvenile hormone at 24 hours 32.8 ± 9.4 
Table 6 
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Fat body preparations3 developing either in_ vivo or in 
the isolated abdomen organ culture systemwere deprived 
a source of juvenile hormone at emergence. The copora 
allata was specifically removed from allatectomized 
animals (by Dr. Arden 0. Lea3 Univ. Georgia) while the 
copora allata and all other thoracic and cephalic centers 
were removed in abdomens isolated by thoracic ligation. 
After the specified periods3 the tissue responsiveness 
was assessed under standard vitellogenic conditions and 
is reported here as precipitated counts per minute per 
\ig fat body preparation protein. Topical applications 
of a mixture of C-18 juvenile hormone stereoisomers 
were given to the indicated preparations to simulate 
normal JH levels (the dose given fully reconstitutes 
JH-dependent oocyte growth in isolated abdomens). 
Student's t test was used to determine significance of 
differences of preparations with and without juvenile 
hormone. In the isolated abdomens held for 36 hours3 
a t value for the differences between JH treated and 
untreated preparations was found to be 3.807 (p=0.02). 
The corresponding t value for the tissues held for 48 
hours after treatment was 1.755 (p=0.2). 
Vitellogenic dependence upon juvenile hormone during early 
development. 
TREATMENTS (N=3) 
controls after 36 hours holding 
allatectomized after 36 hours 
sham operated after 36 hours 
ligation after 36 hours 
ligation plus JH after 36 hours 
controls after 48 hours holding 
ligation after 48 hours 
ligation plus JH after 48 hours 
control after 48 hours without ecdysone 
CPM / UG , PROTEIN 
79.0 ± 3.2 
7. 9 ± 1. 1 
71. 5 ± 6.3 
6. 3 ± 0.8 
15.8 ± 2.4 
86.5 ± 3. 1 
8.2 ± 0.4 
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Table 9 
Triplicate samples of groups of five insects which were fed 
isotope during their fourth larval instar were assayed for 
the presence of label at the indicated times after emergence. 
The abdomens were removed3 eviscerated3 and homogenized. The 
homogenates were fractionatedas described elsewhere 
Chapter 2). The fractions were solubilized (with 200 ul NCS) 
and counted in Cocktail T (Beckman). The observed counts 
were corrected into disintergrations per minute. Bata are 
reported as the mean values from the DBA fractions and from 
all the non-DNA fractions. A low and constant level of 
radioactivity is found in the non-DNA fractions. Specific 
changes in radioactivity of the DNA fractions are obvious. 
1 4 Distribution of x C-2-thymidine in cellular 
fractions of the fat body. 
ANIMALS TOTAL DPM non-DNA fraction DNA FRACTION 
0 hr. S 186.4 94.2 9 2. 2 
48 hr. 6 125. 7 85. 3 40. 4 
0 hr. ^ 329.5 82. 7 246.8 
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Fat body preparations were incubated with 10~®M eedysone for 
18 hours to initiate vitellogenin synthesis. Synthesis was 
then assessed by the incorporation of ^E-phenylalanine into 
an immunoprecipitable vitellogenin fraction (Tissues were 
given a three hour pulse with medium containing 5 uCi of 
isotope. The medium was then assayed for the presence of 
labeled vitellogenin with a vitellogenin-specific antisera. 
Quantification was done with liquid scintillation counting.). 
To maintain a constant tissue mass to medium ratio3 the num¬ 
ber of male fat body preparations used was increased. 
The incorporation of isotope into general cellular proteins 
is an index of cellular viability. Labeled proteins are 
solublized from filter papers after the Bramhall protein 
determinations (described in Chapter 2) and are counted. 
A "dead” preparation3 incubated with 0.1 mg per ml cyclo- 
heximide for 28 hours prior to the 3H-phenyl alanine pulse3 
indicates the assay background levels. 
Male tissues not only fail to synthesize vitellogenin3 but 
are indistinguishable from dead tissues under the applied 
conditions. 
The responsiveness of fat body preparations from males. 
AN IMALS VITELLOGENIN SYNTHESIS VIABILITY 
with ecdysone without with ecdysone without 
10 68. 7 ±4.7 4.1 ± 0.2 296.6 ± 8.9 173. 5 ± 25.4 
20 S 8.2 ±0.6 3.4 ± 0.7 44.8 ± 9.2 52.6 ± 10. 5 
10 dead j 4.1 ± 0.2 41.0 ± 3.3 
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Table 13 
Topical application of C^o-juvenile hormone to intact male 
mosquitoes did not facilztate development/.of vitellogenic 
competence. Newly emerged males were given 2.5 ug of ju¬ 
venile hormone in 2.5 ul of double distilled acetone or 
acetone alone. The hormone dose is one half the dose 
which causes precocious vitellogenic competence to develop 
in females (Chapter 3) and is at the same effective dose 
in the males. Two days after treatments the animals are 
dissected and the responsiveness of the fat body preparations 
is assessed with the standard vitellogenesis assay. The 
responses of the acetone treated males and the hormone treat¬ 
ed males does not differ appreciably. No observed level of 
response suggested any vitellogenic activity in the tissues. 
Effects of juvenile hormone on maturation of vitellogenic 
responsiveness in male mosquitoes. 
ANIMALS VITELLOGENIN SYNTHESIS VIABILITY ASSAY 
acetone 10.5 ±1.3 
juvenile hormone 7.5 ± 0.7 
14.1 ± 0.5 
12.4 ± 1.1 
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Table 14 
Animals weve provided with a water supply but were sugar- 
starved (to prevent ingestion of dietary water) for 12 hours. 
Groups of 50 animals were frozen and weighed (net weight). 
The animals were placed in an evacuated dessicator (-24 in. 
Hg) and held at 100° for 24 hours3 then reweighed (dry 
weight). The weight difference was attributed to water 
lost during drying. Water values were converted into vol¬ 
umes. The data are presented as the mean values (three 
samples of 50 individuals) with standard errors. 
Water content of adult female yellow fever mosquitoes. 
AGE NET WEI GHT WATER CONTENT /o WATER 
3 days 2.47 mg t 0.04 1. 89 \il ± 0. 01 74. 5 
8 days 2. 37 mg ± 0.17 1.75 \xl ± 0.03 68. 2 






L-aspartie aeid 5mM 
L-eysteine-ECl•. E20 2mM 
L-glutamine 5mM 
L-gly cine lOmM 




L-phenyl alanine 2mM 
L-proline 5mM 





Phenyl thiourea (PTU) trao< 
Polyvinylpyrolidine (PVP) 
SOLUTION B 
L-ly sine-ECl 5mM 
L-leuoine ImM 
SOLUTION B ' 
Adenine 50\iM 
Cytosine 5 0]iM 
Guanine 50\iM 
Thymine 25]iM 
Uraoi l 25\iM 
SOLUTION C 
KOI ImM 









MOLARITY STOCK SOLUTIONS 




















indeterminate 2.0 g 
5 ml VOLUME 
91. 5mg 
13.Img 











2 ml VOLUME 
18.Omg 









Nystatin 2.7 x 104 
1 ml VOLUME 
units 15.0mg 
1 ml VOLUME 
25.Omg 
1 ml VOLUME 
units 1.0\il 
MIXING INSTRUCTIONS: 100 ml VOLUME 
Solution A 75 ml 
Solution B 5 ml 
Solution B 1 1 ml 
Solution C 5 ml 
Solution D 5 ml 
(at this point adjust pH 
Solution C ' 2 ml 
Penicillin Sol’n. 1 ml 
Streptomycin Sol rn. 1 ml 
Nystatin Sol'n. .1 ml 
ANTIBIOTIC SAFE LIMITS:* 
For diet; 200 mg 
20 0 mg 
to 6. 8-7.0 with 6M NaOH) 
per 100 ml VOLUME 
penicillin 
streptomycine 
*Singh and House3 1970. 
Appendix B: Spectrophotometric estimation of protein 
A method to vapidly determine protein concentration using 
the molar extinction coefficients of aromatic amino acids. 
1. ASSUME protein solutions being examined are 
"typical" in amino acid composition. 
2. DETERMINE protein concentration by substituting 
into the following equation; 
(1.55xOD2gg - 0.76xOD2gQ) (3000 + y) 
X = pg protein per pi of tissue homogenate 
y = yl of homogenate added to 3.0 ml of 
0.05 M Tris-HCl (pH 8.0) and 0.25 M 
NaCl 
The optical density measurements were made with a Gilford 
240 spectrophotometer. Samples with phenylthiourea (PTU) 
or with urea could not be measured in this fashion. The 
accuracy of this estimate is restricted over a range of 
0.05 to 2.0 mg/ml protein (Warburg & Christian3 1941). 
Appendix C: Quench corrections 70 
A standard quench correction curve for our Beckman LS-150 
counter was determined for tritium in Cocktail T by Dr. M. 
Bohm. The equation y=77.5x-1.0% describes the curve over 
a range of 0.175 to 0.600 (y is the counting efficiency in 
per cent3 x is the external standard value). The corrections 
are made into disintergrations per minute (dpm). Most 
samples showed a 20% counting efficiency (routine vitello¬ 
genin determinations). 
A second standard curve was made for carbon-14 in modified 
Bray’s solution. The equation y=61.4x+0.6% describes that 
curve over all encountered values. 
Samples were quenched with varying amounts of chloroform 
(for the tritium series) or 1.2 N perchloric acid (for the 
carbon-14 series). Standards were made from labeled toluene. 
Appendix D: Calculations and statistics 71 
Standard error was calculated by the method of Sokal and 
Rohlf (19693 pg 137) where S.E. = / sz/n . Computations 
were made on a Marchant Cogito 240-SR calcularor using a 
modification of their program for standard deviation. 
Sample size was usually three. Bata is plotted as the 
mean ± the standard error. 
The studentfs t test was applied to establish the relation¬ 
ship between two sample groups (after the method of Steel 
and Torrie3 19603 pg 74). t= (X^-X^) / S^ and the signif¬ 
icance of t is extrapolated from a statistical table 
depending upon the degree of freedom in the samples under 
question. 
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